I n this issue of the journal, Puri et al 1 examines the association of on-treatment concentrations of non-high-density lipoprotein (non-HDL) cholesterol and triglycerides with coronary atheroma progression and clinical events. They used data from 9 clinical trials, originally designed to examine effects of different medical therapies on regression of coronary atheroma burden, assessed by intravascular ultrasound. The main finding was that achieved concentrations of non-HDL cholesterol and achieved concentrations of triglycerides were closely associated with coronary atheroma progression and regression, irrespective of achieved concentrations of low-density lipoprotein (LDL) cholesterol, C-reactive protein concentration, and diabetes mellitus status.
See accompanying article on page 2220
Non-HDL cholesterol is a combined measure of the cholesterol content of LDL, lipoprotein(a), and triglyceride-rich lipoproteins, the latter also known as remnants ( Figure) . Remnants are here a combined term for intermediate-density lipoproteins, very-low-density lipoproteins, and chylomicron remnants. These lipoproteins likely are atherogenic by penetrating the arterial wall, leading to accumulation of cholesterol in the intimal space, foam cell formation, and atherosclerosis 2-5 ( Figure) . Triglycerides are primarily carried by remnants, and concentrations of triglycerides are highly correlated with the cholesterol content of remnants, that is, remnant cholesterol. 6 It is most likely that the cholesterol content of remnants, and not triglycerides, causes atherosclerosis because most cells can degrade triglycerides but not cholesterol 2,5 and because cholesterol, and not triglycerides, accumulates in the intima. 7 The findings of Puri et al 1 are in line with previous studies by us and others showing associations between concentrations of remnant cholesterol (or the highly correlated triglycerides) and increased risk of cardiovascular disease, both in observational [8] [9] [10] [11] [12] [13] [14] [15] [16] and genetic studies, 6, [17] [18] [19] indicating remnant cholesterol as a causal risk factor for cardiovascular disease. It was therefore a limitation to the study, and a missed opportunity, that Puri et al 1 did not report on the direct association between remnant cholesterol and coronary atheroma regression, because this could have added to the understanding of the relative importance of the different parts of cholesterol in non-HDL, that is, LDL cholesterol and remnant cholesterol. But perhaps, a head-to-head comparison of remnant cholesterol with LDL cholesterol can be reported on in a follow-up publication, similar to what we have reported previously for individuals in the general population 15 and in patients with ischemic heart disease. 20 Nevertheless, Puri et al 1 found a stronger association between achieved non-HDL cholesterol concentrations and atheroma progression compared with achieved LDL cholesterol concentrations, indirectly indicating that additional predictive information lies in the remnant cholesterol part of non-HDL cholesterol. This is important for the design of future lipid-lowering studies to most effectively reduce the residual risk of cardiovascular disease seen after LDL cholesterol lowering.
There is strong evidence suggesting that high concentrations of remnant cholesterol cause atherosclerosis and ischemic heart disease, with important differences in how remnants cause atherosclerosis compared with LDL. Remnants pass into the arterial wall 3, 4 and are taken up by macrophages and smooth muscle cells without modification, which is unlike LDL, that needs to be modified before uptake. 21 Also, remnant particles are larger than LDL and carry ≤40 times as much cholesterol per particle, perhaps making them even more atherogenic than LDL. 7 Also, we have previously found that high remnant cholesterol concentrations were associated with lowgrade inflammation and with ischemic heart disease, whereas LDL cholesterol concentrations were not associated with low-grade inflammation, despite an association with ischemic heart disease. 22 This indicates that remnant cholesterol causes atherosclerosis with an inflammatory component, whereas LDL cholesterol causes atherosclerosis without. These differences in mechanism make it interesting to examine remnant cholesterol and LDL cholesterol separately.
Unfortunately, among some lipid experts, there is resistance toward using the easily calculated remnant cholesterol, determined as total cholesterol minus HDL cholesterol minus LDL cholesterol, as we have done previously. 5, 6, 10, 15, 20, [22] [23] [24] Remnant cholesterol can be calculated from a standard lipid profile without additional cost and can probably add to the risk evaluation of cardiovascular disease in an individual. Arguments against using calculated remnant cholesterol are mainly that it is in fact calculated; however, LDL cholesterol is also calculated often, and non-HDL cholesterol likewise, and there is no doubt that lowering LDL cholesterol is beneficial, despite the fact that some of the evidence is based on calculated LDL cholesterol.
There is an urgent need for future randomized clinical intervention trials examining whether lowering remnant cholesterol and triglycerides in those with high concentrations can reduce the risk of cardiovascular disease. Previous studies with triglyceride-lowering drugs have had conflicting results 5 ; however, this can partly be explained by the way participants were recruited. No study to date have selectively recruited individuals with mild to moderately elevated or high concentrations of triglycerides, and the present study from Puri et al 1 showed that atheroma progression was only associated with triglycerides >200 mg/dL (2.27 mmol/L). This is in line with previous post hoc analyses of triglyceride-lowering studies, showing that in the subgroup of individuals with high baseline triglycerides, the risk of cardiovascular disease was reduced after triglyceride lowering. 5, 13, 25 Fortunately, 2 randomized, placebo-controlled trials of triglyceride-lowering therapy added to statin therapy in individuals with elevated triglyceride concentrations with the aim of reducing cardiovascular disease are ongoing (NCT01492361 and NCT02104817), and one is planned to start relatively soon. 26 The findings of Puri et al 1 contribute valuable information about non-HDL cholesterol, triglycerides, and atherosclerosis. In Kaplan-Meier sensitivity analyses, the study also demonstrated greater major adverse cardiovascular event rates in those with higher versus lower non-HDL cholesterol and triglycerides, with earlier separation for the non-HDL cholesterol curve compared with the LDL cholesterol curve. Their interesting, well-performed, and timely study warrants future studies examining whether lowering of non-HDL cholesterol, triglycerides, and remnant cholesterol can reduce the considerable residual risk of cardiovascular disease seen after lowering of LDL cholesterol with statins.
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